We present evidence for a previously uncecognized differential staining effect of Giemsa solution in fluorescence miaoscopy. The effect consists of selective fluorescent staining of mineralized bone (and elastic fibers) in tissue sections and, like the classical Romanowsky e%&, is based on the differential binding of Eosin Y to tissue structures in the presence
Introduction
The universal success of the Giemsa solution in hematology and histology is based on differential staining of cell and tissue features obtained by the combination of eosin with the two anionic dyes Azur I1 and Methylene Blue. The effect of differential staining of blood cells (the so-called Romanowsky effect) is the best known chromatic effect afforded by Giemsa and Giemsa-related solutions (6). Eosin Y, one component of Giemsa and Giemsa-like solutions, acts as both a diachrome and a fluorochrome ( 5 ) . However, to the best of our knowledge, no records of the potential applications of the Giemsa solution in fluorescence microscopy are available in the relevant literature. We report here on a novel differential fluorescence effect of Giemsa in sections of rat embryo. Like the chromatic effect of Giemsa, the fluorescence effect is based on the differential binding of eosin to tissue structures in the presence of Azur I1 and Methylene Blue. However, the pattem of fluorescence differs from the pattern of diachromic staining and results in selective visualization of mineralized bone and cartilage and of elastic fibers.
Materials and Methods
Sagittal sections of whole rat embryos from Days 15-18 of gestation were cut (a) in a cryostat after rapid chilling in liquid nitrogen-cooled isopentane; (b) after fixation in 4% formaldehyde (freshly made from paraformaldehyde) in 0. 
20°C
) on Giemsa staining was tested on paraffin sections. Staining of tissues (bone, cartilage, skin, muscle, liver, kidney, gut, spleen, brain) within the whole embryo sections was observed in a Zeiss Axiophot microscope equipped for epifluorescence with a BP 450-490 excitation filter and an LP 520 barrier filter. Thick (30-40 pm) sections from paraffin blocks were viewed by fluorescent confocal laser scanning microscopy using a Phoibos 1000 system (Sarastro). Excitation and barrier filters were 488 and 515 nm. respectively. Attenuation was 10%. Stacks of confocal images obtained with a 6011.4 oil objective were recorded and stereo pairs (tilt angle 14.4) of threedimensional (3D) reconstructions were made with the Vanis software package (Molecular Dynamics). The surface-shaded projection reconstructs the surfaces of the imaged object; shades of gray represent surface slope, which is calculated as the difference in depth value between the boundary pixels of successive confocal sections (2) . The maximal-intensity projection displays only the pixel of maximal intensity within the stack of pixels (voxel) which describes the z dimension at each xy position. This projection yields information about the internal volume of the object that would be concealed by a surface-shaded projection (2).
Results
Comparable results were obtained with each of the three types of section used (cryostat, paraffin, GMA). Mineralized bone and cartilage were clearly discriminated from adjacent soft tissues, and from unmineralized osteoid and cartilage. Figures 1A and 1C show a brightfield and fluorescence view, respectively, of the same section stained with Giemsa. Although the mineralized bone was not stained diachromically, it was nevertheless rendered intensely fluorescent. The distribution of fluorescence was equivalent to the dis-/ - K6ssa method (blacWgray stain with Giemsa counterstain). In contrast, the diachromically stained cartilage is not fluorescent, whereas calcified cartilage appears weakly stained under both brightfield and fluorescent illumination, in accordance with Von K6ssa staining, which is less intense than in bone. (D) A brightfield view of a Giemsa-stained section through fetal rat mandible. Cartilage (c) is strongly stained and therefore is not fluorescent (E), whereas mineralized alveolar bone (boundary indicated by arrowheads) appears unstained under conventional illumination (D) but is easily visualized by fluorescence illu-
mination (E). An assoCiated t o & germ @) (T) is also indicated. (F) Gemsainduced
fluorescence in alveolar bone viewed at a higher magnification, revealing textural details within the bone matrix. Bars: A-E = 100 pm; F = 50 pm. tribution of mineralized bone visualized in the adjacent section by the Von K6ssa method (Figure 1B) . Incomplete initial mineralization of calcdying cartilage and new bone mat& was distinguished by weaker fluorescence that corresponded to less intense Von K6ssa staining. Cement lines that appeared light blue in transmitted light remained non-fluorescent and were therefore negatively visualized in fluorescence microscopy. When each of the three components of the Giemsa solution was used individually, only eosin had a fluorochromic effect. However, this was unselective, with all tissues being rendered fluorescent (not shown). Staining with Giemsa solution allowed a clear distinction to be made between mineralized bone and unmineralized cartilage, as shown in Figures 1D and 1E , in which the alveolar bone of the fetal mandible is fluorochromically but not diachromically stained, whereas the reverse is true for the attendant unmineralized cartilage rudiment. Figure 1F shows textural details in the bone possibly corresponding to variations in mineral density. Demineralization of sections caused previously mineralized bone to be stained diachromically by Giemsa solution, abolishing the fluorescent effect (not shown). Apart from mineralized bone and cartilage, elastic fibers were the only other tissue structure in the rat fetus that the Giemsa solution made intensely fluorescent (Figure 2 ). This fluorescence was clearly distinct from and far more intense than the autofluorescence of elastic fibers, and enabled individual fibers to be resolved. Figure 3 depicts 3D stereo reconstructions of rat embryonic bone imaged by confocal fluorescence microscopy. The 3D complexity of primary bone trabeculae was easily imaged. In particular, the surface-shaded projection revealed vaxular spaces and details on the bone surfaces.
Discussion
The fluorescent visualization of mineralized bone in tissue sections represents a previously undocumented effect of the Giemsa solution. Preliminary studies on adult tissues were in agreement with our observations of fetal tissues presented here. Eosin, which appears to contain the fluorochrome, causes practically all structures to fluoresce, although most are diachromically stained by the complete Giemsa solution. Differential fluorescence staining is therefore a subtractive effect caused by a lack of binding of Azur I1 and Methylene Blue to mineral and elastic fibers. Since none of the three major components of the Giemsa mixture, including eosin, produces any diachromic effect in mineralized bone and elastic fibers, it appears that low uptake of eosin, below the diachromic threshold, is sufficient to produce the fluorescence effect in these tissues.
The ability of the Giemsa solution to serve as both a fluorescence stain for mineral and a conventional histological stain enables it to be used as a simple one-step alternative to the Von K6ssa method. In addition to offering an alternative to existing methods for the demonstration of bone mineral in conventional tissue sections, recognition of the fluorescence cffect potentially opens up new applications of the Giemsa solution, such as for study of in vitro mineralization in cultures of bone-or cartilage-derived cells. Another use is in confocal fluorescence microscopy for assessing the 3D architecture of bone. This is especially relevant in the study of osteoporosis, in which alteration ofthe 3D architecture of trabecular bone is a major determinant of fracture risk. Direct observation of 3D architecture has thus far relied mainly on the use of scanning electron microscopy (3). Studies of bone structure by light microscopy usually involve reconstruction of the third dimension from measurements made in two-dimensional sections (4). The combination of confocal fluorescence microscopy and simple Giemsa staining should provide a straightforward means for making measurements of 3D structure in bone biopsies and post-mortem specimens.
